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The harmful effects of organic pollutants especially dyes have received significant concerns 
due to their impact on human lives and the environment. Photocatalytic degradation of these dye 
pollutants with the assistance of semiconductors has been well established as efficient means of 
removing these pollutants. Different semiconductors have been applied as photocatalyst for the 
degradation of these pollutants, among them; ZnO has attained tremendous attention from 
researchers nowadays due to its strong adsorption ability, non-toxicity, high catalytic efficiency, 
wide band gap, chemical stability, large exciton binding energy and inexpensive nature. The 
above mentioned properties make ZnO a good photocatalyst. The performance of ZnO 
photocatalyst is strongly dependent on their size, surface area and morphology. As such the 
synthesis and shape control of ZnO micro/nanostructures have attracted much attention. 
Compared with traditional chemical and physical methods of fabricating ZnO 
micro/nanostructures, synthesis based on the use of plants have emerged as cost effective 
approach to attain highly stable and less toxic ZnO structures. 
In this thesis, we report the use of precipitation assisted by C. camphora leaf extract to 
synthesize ZnO micro-flowers (ZnOMFs). The results showed that the ZnOMFs consisted of 
several nanoplates connecting together under the direction of the plant extract which acted as a 
bio-templating and stabilizing agent. FTIR analysis of the sample showed that biomolecules 
mainly polyols assisted the formation and guided the evolving shape of the ZnOMFs.  
Characterization techniques such as UV–Vis diffuse reflectance absorption Spectrum 
(DRS), Energy-dispersive X-ray (EDX), Scanning electron microscopy (SEM), Transmission 
electron microscopy (TEM), Photoluminescence analysis (PL) and X-ray diffraction (XRD) 
were used to verify the nature of the obtained ZnOMFs. Well-defined ZnOMFs with statistical 
particle diameter of 0.81 ± 0.2 µm could be synthesized by reacting 30 mL of aqueous 
Zn(NO3)2.6H2O (0.2 M) with 10 mL of C. camphora leaf extract, adjusting the pH of the 
mixture to 12 and annealed at 450 ºC for 4 h. The average crystalline size was found to be 33 nm 
as per Scherrer‟s equation and BET surface area was 13 m2/g. XRD analysis confirmed the 

















produced as it showed only peaks of Zn and O.  
Also, adjusting the synthesis parameters such as the precursor concentration, dosage of leaf 
extract, and pH of the reaction solution were effective in tuning the morphology of the 
as-formed ZnO microstructures (ZnOMSs). Flowerlike ZnOMSs could be formed upon varying 
the plant extract from 5 to 20 mL but the formation of the ZnOMFs was not possible without the 
plant extract. ZnOMFs were only attained at pH of 12 but other pH levels led to the formation of 
different morphologies.  
Photocatalytic property of the ZnOMFs was investigated by photodegradation of methyl 
orange (MO) under UV illumination. The ZnOMFs showed excellent photocatalytic activity for 
the degradation of MO. A very low catalyst loading of 0.05 g of ZnOMFs could degrade MO of 
initial concentration of 24 mg/L under 45 minutes of UV light exposure. Several operating 
variables such as initial MO concentrations, the ZnOMFs loading and pH of the reaction 
solution were found to have significant influence on the photocatalytic activity.  
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用各种表征技术如 UV-Vis 光谱、能量色散 X 射线（EDX）、扫描电子显微镜（SEM）、
透射电子显微镜（TEM）、光致发光分析（PL）和 X 射线衍射（XRD）来表征合成的氧化
锌微花的性质。用 30mL Zn（NO3）2·6H2O（0.2M）的水溶液与 10 mL 芳樟叶浸出物反
应，调节混合物的 pH值至 12，在 450ºC焙烧 4 小时制得的氧化锌微花粒径介于 0.81± 0.2µm，
形貌规整。根据 Scherrer 公式得到，合成的氧化锌微花平均晶体尺寸是 33 nm，BET 表征
测得比表面积为 13 m2/g。 XRD 分析证实了氧化锌微花纯度高以及结晶性良好。EDX 谱
图只有 Zn 和 O 的峰，表明合成的为纯的 ZnO。 
另外，通过改变合成参数，如前驱体的浓度、芳樟叶浸出物的用量和反应溶液的 pH
值，可以有效地改变氧化锌微结构的形貌。加入植物浸出液的浓度为 5-20 mL 时，可以合
成花状的 ZnOMSs，但是不加入植物浸出物，则无法合成 ZnOMFs。只能在 pH 值为 12 时
可获得 ZnOMFs，而其它的 pH 值下会得到不同形貌 ZnO。 
该 ZnOMFs 对甲基橙（MO）有很好的光催化降解活性。在 UV 光照射下，仅用 0.05g 
ZnOMFs 催化剂，45 分钟就能将初始浓度为 24 mg/L 的 MO 降解完全。此外，其它条件如



















TABLE OF CONTENTS 
ACKNOWLEDGEMENTS ............................................................................................................................ i 
ABSTRACT .................................................................................................................................................. ii 
摘要 .............................................................................................................................................................. iv 
TABLE OF CONTENTS ............................................................................................................................... v 
LIST OF FIGURES .................................................................................................................................... viii 
LIST OF TABLES ......................................................................................................................................... x 
LIST OF ABBREVIATION, SYMBOLS AND TERMS ............................................................................. xi 
Chapter 1 Literature review .................. .…………………………………………………………………… 1 
 1.0 General Introduction .............................................................................................................................. 1 
 1.1 Nanoscience and Nanotechnology ......................................................................................................... 3 
   1.1.1Nanomaterials .................................................................................................................................. 3 
   1.1.2 History of Nanotechnology ............................................................................................................. 4 
   1.1.3 Applications of Nanotechnology ..................................................................................................... 5 
 1.2 Zinc oxide (ZnO) micro/nanostructures ................................................................................................. 6 
 1.3 Synthesis of ZnO nanostructures ........................................................................................................... 7 
   1.3.1 Preparation methods for ZnO Micro/Nanostructures ...................................................................... 7 
    1.3.1.1 Hydrothermal or Solvothermal method ..................................................................................... 8 
    1.3.1.2 Sol-gel method ........................................................................................................................... 9 
    1.3.1.3 Sonochemical method .............................................................................................................. 10 
    1.3.1.4 Chemical Precipitation ............................................................................................................. 10 
    1.3.1.5 Biological synthesis ................................................................................................................. 13 
     1.3.1.5.1 Microbial Biosynthesis of ZnO micro/nanostructures ........................................................ 13 
     1.3.1.5.2 Plant-Based Biosynthesis of ZnO micro/nanostructures ..................................................... 14 
     1.3.1.5.3 Bio-template approach of synthesis ZnO micro/nanostructures ......................................... 15 
   1.3.2 Factors influencing the synthesis of ZnO Micro/nanostructures .................................................. 18 
    1.3.2.1 Effects of precursor concentration ........................................................................................... 18 
    1.3.2.2 Effects of pH ............................................................................................................................ 19 
    1.3.2.3 Influence of Growth Time ........................................................................................................ 20 
    1.3.2.4 Effects of reaction temperature ................................................................................................ 20 
   1.3.3 Applications of ZnO Nanostructures ............................................................................................. 21 
    1.3.3.1 Cosmetics ................................................................................................................................. 21 
    1.3.3.2 Antibacterial agents .................................................................................................................. 21 













Table of Contents 
vi 
 
    1.3.3.5 Photocatalysis .......................................................................................................................... 23 
 1.4 How ZnO nanostructures act as a Photocatalyst .................................................................................. 23 
  1.4.1 Effect of operational parameters affecting photocatytic degradation of organic pollutants (Dyes) 24 
    1.4.1.1 Type of photocatalyst ............................................................................................................... 25 
    1.4.1.2 Catalyst dosage ........................................................................................................................ 26 
    1.4.1.3 Light Intensity .......................................................................................................................... 26 
    1.4.1.4 The initial dye concentration .................................................................................................... 26 
    1.4.1.5 pH of the medium .................................................................................................................... 27 
 1.5 Aim and significance of the Study ....................................................................................................... 27 
   1.5.1 Significance of the study ............................................................................................................... 29 
   1.5.2 Research Objectives ...................................................................................................................... 29 
    1.5.2.1 Main Objective......................................................................................................................... 30 
    1.5.2.2 Specific Objectives .................................................................................................................. 31 
 Chapter 2 Materials and Methods…………………………………….……………………… …………..32 
 2.1 Materials, Reagents and Apparatus ...................................................................................................... 32 
   2.1.1 Materials and Reagents ................................................................................................................. 32 
   2.1.2 Apparatus and Equipment ............................................................................................................. 33 
 2.2 Preparation of dried biomass of C. camphora leaf…………..………………………………………..33 
 2.3 Preparation of C. camphora leaf extract .............................................................................................. 33 
 2.4 Synthesis of ZnO microstructures (ZnOMSs) ..................................................................................... 34 
 2.5 Characterization of ZnO microstructures ............................................................................................. 34 
   2.5.1 UV–vis spectra analysis ................................................................................................................ 34 
   2.5.2 XRD measurement ........................................................................................................................ 34 
   2.5.3.TEM observation ……………………………………………………………...………………….35 
   2.5.4 SEM observation ........................................................................................................................... 35 
   2.5.5 Energy-dispersive X-ray (EDX) analysis ...................................................................................... 35 
   2.5.6 FTIR analysis of dried biomass before and after bioreduction…………………………………...35 
   2.5.7 FTIR analysis of ZnO powder ...................................................................................................... 36 
 2.6 Photocatalytic Experiments ................................................................................................................. 36 
Chapter 3: The effects and roles of synthesis parameters in controlling the morphology of the evolving 
ZnOMFs ....................................................................................................................................................... 38 
 3.1 Effects and roles of synthesis parameters ............................................................................................ 38 
 3.2 Effect of plant extracts amount ............................................................................................................ 40 
 3.3 Effect of pH ......................................................................................................................................... 42 
 3.6 The Role of Zn(NO3)2.6H2O concentration ......................................................................................... 44 
 3.5 Effect of temperature on the synthesis of ZnOMFs ............................................................................. 46 
4.2 Growth formation of the synthesized ZnOMFs ..................................................................................... 47 













Table of Contents 
vii 
 
   4.2.2 Formation Mechanism of the ZnOMFs ........................................................................................ 49 
Chapter 4: Observation of optical properties and photocatalytic application of the synthesized ZnOMFs..52 
 4.1 Observation of the optical properties of the ZnOMFs ......................................................................... 52 
   4.1.1 UV-vis spectrum ........................................................................................................................... 52 
   4.1.2 Photoluminescence (PL) analysis of the ZnOMFs ........................................................................ 53 
 4.2 Photocatalytic performance of the ZnOMF ......................................................................................... 54 
 4.3 Effect of operational parameters on photocatalytic activity of ZnOMF .............................................. 57 
   4.3.1 Effect of dye concentration ........................................................................................................... 57 
   4.3.2 Effect catalyst dosage ................................................................................................................... 58 
   4.3.3 Effect of pH on photocatalytic activity ......................................................................................... 59 
 4.4 Reusability of the ZnOMF catalyst ...................................................................................................... 60 
 Chapter 5: Conclusion and Suggestions……………………………………………………………….. …63 
 5.1 Conclusion ........................................................................................................................................... 63 
 5.2 Suggestions for future work ................................................................................................................. 64 
References .................................................................................................................................................... 65 



































List of Figures 
viii 
 
LIST OF FIGURES 
Figure 1.1 Various applications of nanotechnology ....................................................................................... 5 
Figure 1.2 SEM images of (a and b) prepared ZnO flowerlike microspheres ............................................... 9 
Figure 1.3 Leaves of C. camphora plant ...................................................................................................... 17 
Figure 1.4 SEM images of ZnO NSs with different precursor concentrations of the growth 
aqueous solution (a) at 25 mM (b) 50 mM (c) 100 mM (d) 300 mM .......................................................... 19 
Figure 1.5 SEM images of the ZnO nanorods grown from ZnNO3 of 0.040 M: HMT of 0.025M 
aqueous ........................................................................................................................................................ 21 
Figure 1.6 A schematic illustration of photocatalytic activity of ZnO nanoparticles ................................... 24 
Figure 3.1 SEM image with diameter statistics of the ZnOMFs synthesized through the reaction 
of aqueous 30 mL of 0.2 M, Zn(NO3)2.6H2O solution with 10 mL of C. camphora plant extract, 
pH 12 at 60 
o
C and calcined at 450 
o
C. ........................................................................................................ 38 
Figure 3.2 (A) TEM (B) SEM and (C) HRTEM images of the ZnOMFs synthesized through the 
reaction of aqueous 30 mL of 0.2 M, Zn(NO3)2.6H2O solution with 10 mL of C. camphora plant 
extract concentration, pH 12 at 60 
o
C and calcined at 450 
o
C. .................................................................... 39 
Figure 3.3 (A) XRD pattern of the ZnOMFs and ZnOSPs (B) EDX spectrum of the as-produced 
ZnOMFs ....................................................................................................................................................... 40 
Figure 3.4 SEM images of ZnOMSs synthesized through the reduction of aqueous 30 mL of 0.2 
M, Zn(NO3)2.6H2O solution with (A) 0, (B) 5 (C) 10 and (D) 20 mL of C. camphora leaf extract, 
pH 12 at 60
 o
C and calcined at 450
 o
C.......................................................................................................... 41 
Figure 3.5 Diameter statistics of ZnOMFs synthesized through the reduction of aqueous 30 mL 
of 0.2 M, Zn(NO3)2.6H2O solution with (A) 10 and (B) 20 mL of C. camphora plant extract, pH 
12 at 60 
o
C and calcined at 450 
o
C. .............................................................................................................. 42 
Figure 3.6 SEM images of ZnOMSs synthesized through the reduction of aqueous 30 mL of 0.2 
M, Zn(NO3)2.6H2O solution at different pH adjustments: (A) 6 (B) 8 (C) 10 and (D) 12, using 10 
mL of C. camphora leaf extract, at 60 
o
C and calcined at 450 
o
C. ............................................................... 43 
Figure 3.8 SEM images of ZnOMFs synthesized through the reduction of aqueous 30 mL of 
different Zn(NO3)2.6H2O precursor solutions of : (A) 0.05 (B) 0.1 (C) 0.2 and (D) 0.4 M, using 
10 mL of C. camphora extract, reaction temperature of 60
 o
C at pH of 12 and calcined at 450 
o
C............. 44 
Figure 3.9 Diameter statistics of ZnOMFs synthesized through the reduction of aqueous 30 mL 
of different Zn(NO3)2.6H2O precursor solutions of : (A) 0.1 and (B) 0.4 M, using 10 mL C. 
camphora extract, reaction temperature of 60
 o
C at pH of 12 and calcined at 450 
o
C. ................................ 45 
Figure 3.10 SEM images of ZnOMFs synthesized through the reduction of aqueous 30 mL of 0.2 
M, Zn(NO3)2.6H2O solution at different reaction temperatures: (A) 100 (B) 80 (C) 60 and (D) 40, 
using 10 mL C. camphora extract, at pH of 12 and calcined at 450 
o
C. ...................................................... 45 













List of Figures 
ix 
 
reaction and (III) the ZnOMFs ..................................................................................................................... 46 
Figure 3.12 Possible stabilization mechanism of the ZnOMFs ................................................................... 48 
Figure 3.13 SEM images of ZnO microstructures taken at different reaction times (A) 15 min (B) ........... 49 
30 min (C) 1hr min (D) 2 hr......................................................................................................................... 51 
Figure 3.14 Formation mechanism of the ZnOMFs based on time dependent SEM images ....................... 51 
Figure 4.1 (A) UV-vis DRS of ZnOMFs and ZnOSPs, and their corresponding Optical band gap 
(B) ZnOMFs (C) ZnOSPs ............................................................................................................................ 53 
Figure 4.2 (A) PL excitation spectrum of the ZnOMFs (B) corresponding PL emission spectra of 
the ZnOMFs at an excitation of 470 nm (C) PL excitation spectrum of the ZnOMSP and (D) 
corresponding PL emission spectra of the ZnOSPs at an excitation of 418 nm ........................................... 54 
Figure 4.3 Degradation rate of MO using (A) UV/ZnOMFs catalyst (B) UV/ZnOSPs catalyst (C) 
UV light only (D) ZnOMFs catalyst only .................................................................................................... 56 
Figure 4.4 Absorption spectrum of the degradation of MO over the (a) UV/ZnOMF (b) 
UV/ZnOSPs catalysts .................................................................................................................................. 56 
Figure 4.5 Effect of MO concentrations on the degradation rate, ZnOMFs dose of 50 mg under 
irradiation time of 45 min, and MO concentrations of (a) 12 (b) 24 (c) 48 and (d) 96 mg/L ...................... 58 
Figure 4.6 Effect of catalyst loading on the degree of photodegradation of MO (24 mg/L); 
irradiation time = 45 min ............................................................................................................................. 59 
Figure 4.7 Effect of pH on photodegradation of MO solutions catalyzed by 50 mg of ZnOMF 
and initial MO concentration of 24 mg/L under irradiation time of 45 min with different pH 
values of (a) 2 (b) 4 (c) 8 and (d) 10 ............................................................................................................ 60 
Figure 4.8 Photocatalytic stability test of the ZnOMFs catalyst .................................................................. 61 
Figure 4.9 (A) SEM image (B) XRD pattern of the ZnOMFs after six photocatalytic recycle test ............. 62 






















List of Abbreviations, Symbols and Terms 
x 
 
LIST OF TABLES 
Table 1.1 Examples of shape-controlled synthesis of ZnO micro/nanomaterials by chemical 
methods ........................................................................................................................................................ 12 
Table 1.2 Examples of synthesis of ZnO nanomaterials by plant mediated method .................................... 16 
Table 1.3 Examples of ZnO micro/nanostructures explored in photocatalytic degradation of dyes ............ 28 
Table 2.1 The chemical reagents used in this work and their respective suppliers. ..................................... 32 
Table 2.1 The apparatus used in this work and their suppliers..................................................................... 33 
Table 4.1 Comparison of the physical properties of the two catalyst........................................................... 57 
Table 4.2 Comparison of photocatalytic activity for degradation of MO over different ZnO           
structures of 500 W UV light ....................................................................................................................... 57 
Table A-1 Photocatalytic Degradation of MO using ZnOMF catalyst ......................................................... 78 
Table A-2 Photocatalytic Degradation of MO using ZnOSPs catalyst ........................................................ 78 
Table A-3Photocatalytic Degradation of MO without UV light (control) ................................................... 78 
Table A-4 Effect of initial MO concentrations on the degradation rate, ZnOMF dose of 50 mg and 
initial MO concentrations of 12 mg/L ......................................................................................................... 79 
Table A-5 Effect of initial MO concentrations on the degradation rate, ZnOMF dose of 50 mg and 
initial MO concentrations of 24 mg/L ......................................................................................................... 79 
Table A-6 Effect of initial MO concentrations on the degradation rate, ZnOMF dose of 50 mg and 
initial MO concentrations of 48 mg/L ......................................................................................................... 79 
Table A-7 Effect of MO concentrations on the degradation rate, ZnOMF dose of 50 mg and initial 
MO concentrations of 96 mg/L .................................................................................................................... 79 
Table A-8 Effect of catalyst loading on the degree of photodegradation of MO (24 mg/L); 
irradiation time = 45 min ............................................................................................................................. 80 
Table A-9 Effect of pH on photodegradation of MO solutions catalyzed by 50 mg of ZnOMF and 
initial MO concentration of 24 mg/L under irradiation time of 45 min with pH= 2 .................................... 80 
Table A-10 Effect of pH on photodegradation of MO solutions catalyzed by 50 mg of ZnOMF 
and initial MO concentration of 24 mg/L under irradiation time of 45 min with pH= 4 ............................. 80 
Table A-11 Effect of pH on photodegradation of MO solutions catalyzed by 50 mg of ZnOMF 
and initial MO concentration of 24 mg/L under irradiation time of 45 min with pH= 8 ............................. 80 
Table A-12 Effect of pH on photodegradation of MO solutions catalyzed by 50 mg of ZnOMF 
and initial MO concentration of 24 mg/L under irradiation time of 45 min with pH = 10 .......................... 81 
Table A-13 Amount of catalyst recovered after each test and their corresponding degradation rate 





















LIST OF ABBREVIATION, SYMBOLS AND TERMS 
SEM            Scanning Electron Microscopy 
TEM            Transmission Electron Microscopy 
UV-Vis            Ultraviolet-Visible 
XRD              X-ray Diffraction 
FTIR              Fourier Transform Infrared spectroscopy 
SAED            Selected Area Electron Diffraction 
EDX               Energy-disperse X-ray 
g                  Gram 
nm                 Nanometre 
h                   Hour 
M                  Molar 
mL               Milliliter 
μL                      Microlitre 
rpm              Revolution per minute 
a.u                 Arbitrary units 
NPs                 nanoparticles 
μm     Micrometer 
NSs                 Nanostructures 
ZnO                 Zinc oxide 
TiO2                Titanium oxide 
Fe2O2             Iron II oxide 
ZnS                 Zinc sulfide 
CdS                 Cadmium sulfide 
V2O5                       Vanadium pentoxide 
eV                  electron volt 
MPa                MegaPascals 
3D                  3-dimensional 
Zn(NO3)2.6H2O       Zinc nitrate hexahydrate 
ZnCl2                  Zinc Chloride 
ZnSO4                      Zinc Sulfate 
Zn(CH3COO)2.2H2O   Zinc acetate dihydrate 
ZnOMFs             Zinc Oxide microflowers 
ZnOMSs             Zinc Oxide microstructures 
ZnOSPs             Zinc Oxide microsponge 













List of Abbreviations, Symbols and Terms 
xii 
 
KOH               Potassium hydroxide 
CTAB              exadecyltrimethylammonium bromide 
TMAH             Tetramethylammonium hydroxides 
ZEH               Zinc 2-ethylhexanoate 
SDS               Sodium dodecyl sulfate 
TEA               Triethanolamine 
PVP               Polyvinylpyrrolidone 
ZnONPs            Zinc oxide nanoparticles 
C12H27N            Dodecylamine 
C3H9N             Propylamine 
(NH4)2CO3              Ammonium carbonate 
KBr               Potassium bromide 
PL                Photoluminescence 
MO               Methyl orange 




+                     
Electron hole pair 
OH
.
               Hydroxyl radicals 
FWHM            Full width at half maximum 













Chapter 1 Literature Review 
1 
 
Chapter 1 Literature review 
1.0 General Introduction 
Recent increases in human society and intensification of industrial activities have brought 
about excessive discharge of organic pollutants into water bodies therefore causing 
environmental problems. Among these pollutants, organic dyes which are frequently used in 
textile, paint, plastic and cosmetic industries have received more attention as prominent 
environmental contaminants due to their harmful effects on humans.
1
 Besides the toxicity, 
carcinogenic, and  non-biodegradability nature of these dyes, they also affect the nature of 
water bodies as it obstructs sunlight penetration and reduce photosynthetic activity important for 
flora and fauna lives.
2
 As such these organic chemicals found in wastewater effluents must be 
removed or destroyed before discharging them into to the environment. However, the 
conventional techniques such as coagulation, filtration, adsorption by activated carbon and air 
stripping have been reported not efficient since they only transfer the pollutant from one phase 
to other and are relatively high cost techniques.
3
 It is therefore necessary to find an effective 
method to degrade organic pollutants from wastewater. Many researchers have reported 
photocatalytic oxidation by semiconductors as new cost effective and rapid technique for the 













 etc have been well reported to be good photocatalyst. Among these 
photocatalysts, Zinc oxide (ZnO) micro/nanostructures with low toxicity and production cost, 
have been of special interest because of their distinctive properties like excellent 
chemical/thermal stability, wide direct band gap of 3.37 eV, high catalytic efficiency, high 
exciton binding energy of 60 meV, and strong adsorption ability have been found to be a 
promising and potential photocatalyst for degradation of various organic pollutants.  
Researchers have proven that the activity of photocatalysts is strongly dependent on their 
microstructures/nanostructures and morphology i.e., the arrangements of atoms in their crystal 
structures. Anisotropic nanostructures have been well documented to have enhanced 
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